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Abstract 
Climate change is predicted to affect the biota of high latitudes first and most 
severely, and significant changes in temperature and wind speed have already been 
observed in parts of the Antarctic. Similarly, springtime ozone depletion since the late 
1970s has led to an increase in potentially mutagenic UV-B radiation over the 
Antarctic, and elevated mutation rates have been reported for several Antarctic moss 
species. This thesis explores the resilience of Antarctic mosses to the effects of 
elevated UV-B radiation and climate change, with special reference to populations of 
the cosmopolitan moss Ceratodon purpureus from the Windmill Islands region, East 
Antarctica. 
 
Radiocarbon analyses were used to determine the growth rates of seven moss shoot 
‘cores’ representing four species, including C. purpureus, from the Windmill Islands 
and Vestfold Hills, East Antarctica. My results show that the oldest core sections 
predate the 1960s peak in atmospheric 14C due to nuclear testing, indicating average 
growth rates between 0.6 and 1.3 mm yr-1. This is the first study to describe the 
profile of the 1960s 14C bomb-pulse in Antarctic plants and importantly radiocarbon 
results indicate that individual colonies are more than 50 years old and that growth 
rates have varied significantly over this time. These data allow the influence of 
environmental variables on growth rates and water relations of Antarctic mosses to be 
explored over time periods not possible using other techniques. Correlation analysis 
was used to determine whether growth rate and δ13C of three C. purpureus and one 
Bryoerythrophyllum recurvirostre core from East Antarctica were associated with 
year-to-year variations in summer temperature, wind speed and stratospheric ozone 
depth over a 40 year period. Temperature was positively correlated with growth rate 
 xi 
in all cores (r=0.22 to 0.61), whereas the δ13C data indicated temperature and wind 
speed were consistently positively (r=0.20 to 0.74) and negatively (r=-0.14 to -0.67) 
correlated with water availability, respectively. Correlations of ozone depth with 
growth rate and δ13C varied between cores and may be driven by covariance of ozone 
depth with wind speed and temperature. The significant positive correlation between 
δ13C and growth rate indicates that growth of C. purpureus is water-limited. Warming 
and increased precipitation predicted for the Antarctic over the 21st century are likely 
to increase moss growth rates, whereas the already observed increase in wind speeds 
may reduce water availability and negatively impact the growth of these mosses. The 
timing and balance between the positive influence of warming and the negative 
influence of high wind speeds may determine the fate of East Antarctic moss 
communities.  
 
Previous studies of Antarctic clonal moss populations using Random Amplified 
Polymorphic DNA markers have described extraordinarily high levels of variation in 
banding profiles within single colonies. This has been claimed to reflect somatic 
mutation, possibly resulting from elevated UV-B radiation due to the Antarctic ozone 
hole. I used microsatellite markers to compare the genetic variation present within 
continental Antarctic, sub-Antarctic and temperate C. purpureus populations and in 
contrast to previous studies found no evidence of elevated mutation rates in the 
Antarctic samples. Indeed continental Antarctic C. purpureus displays significantly 
less intra-population genetic diversity than populations from sub-Antarctic and 
temperate sites. Moreover, continental Antarctic sites displayed greater levels of 
allelic differentiation (ΦPT=0.205, P=0.001) than temperate sites (e.g. ΦPT=0.006, 
P=0.34), suggesting that they are less interconnected by gene flow than lower latitude 
 xii 
sites and are effectively closed to immigration. However, a more in-depth analysis of 
the distribution of genotypes within the Windmill Islands suggests that individual 
genotypes have dispersed over more than ten kilometres, and indeed that some 
propagules originate outside the region. Taken together these results imply that 
climate change will present ongoing challenges for continental Antarctic moss 
populations with less potential than temperate populations to adapt to environmental 
change.  
 
Previous studies of UV-induced DNA damage in the three moss species that occur in 
the Windmill Islands have shown C. purpureus to be the most UV-tolerant although it 
possesses lower concentrations of methanol soluble UV-screening compounds than 
the co-occurring Bryum pseudotriquetrum. I used alkali extraction of cell wall-bound 
phenolics combined with methanol extraction of soluble phenolics to determine 
whether higher levels of cell wall-bound UV-screens could explain the greater UV 
tolerance of C. purpureus. The combined pool of UV-screens was similar in C. 
purpureus and B. pseudotriquetrum but whilst B. pseudotriquetrum had equal 
concentrations of MeOH-soluble and alkali-extractable cell wall-bound UV-screening 
compounds, C. purpureus had almost six times the concentration of cell wall-bound 
compared to MeOH-soluble UV-screens, offering this species a more uniform and 
potentially more effective UV screen. The Antarctic endemic Schistidium antarctici 
possessed half the combined pool of UV-screens of the other species, indicating this 
species may be disadvantaged under continuing springtime ozone depletion. These 
data suggest that while cell wall compounds have not previously been quantified in 
bryophytes they may be an important component of the UV defences of lower plants. 
 
 xiii 
The wide distribution of C. purpureus provided the opportunity to test whether moss 
colonies growing in different UV environments differ in their UV tolerance. I tested 
the hypothesis that sun forms from different UV environments (Wollongong, 
Australia and Lake Waiau, Hawaii) and sun and shade forms (Wollongong) differ in 
their UV tolerance by using chlorophyll fluorescence to compare the photosynthetic 
health of C. purpureus from each site over a four hour UV irradiation. Photosynthetic 
and UV-screening compound concentrations were compared between Australian and 
Hawaiian C. purpureus in an attempt to explain variations in UV tolerance. The 
effective yield of PSII photochemistry declined by 50% in the UV-treated 
Wollongong shade samples, significantly more than the 25% decline in the 
Wollongong sun samples, but no difference was found in the response of the two sun 
forms, despite an almost two-fold greater annual UV flux at the Hawaiian site. 
Ceratodon purpureus colonies from Australia, Hawaii and Antarctica have similar 
concentrations of UV-screening compounds, indicating production of UV-screening 
compounds may be constitutive in this species. Observed differences in UV tolerance 
appear to reflect acclimation rather than adaptation, which may benefit Antarctic C. 
purpureus as its life history reduces its capacity for adaptive change in response to 
recent changes in the UV environment. 
 
In conclusion, Antarctic C. purpureus is slow growing, long-lived and well protected 
from current levels of UV-B but potentially vulnerable to other disturbances, such as 
changes in water availability. Furthermore, Antarctic C. purpureus populations are 
weakly interconnected by gene flow and display low genetic diversity compared to 
populations from temperate and sub-Antarctic sites, reducing their capacity for 
adaptive change in the face of predicted regional climate change.  
 xiv 
Acknowledgements  
First of all, a special thank you to my supervisors Sharon Robinson and David Ayre 
for their never-ending advice, support and assistance throughout this project. There is 
absolutely no way that this would have been possible without their help. Sharon must 
also take credit for most of the creative spark that led to the various components of 
this project, and for helping me through some of the darker days of my PhD. I walked 
into Sharon’s office on several occasions on the verge of giving it all up only to 
emerge feeling that it was going to be okay. Quan Hua (Australian Nuclear Science 
and Technology Organisation, ANSTO), Helena Korpeläinen (University of Helsinki) 
and Rebecca Miller also took on supervisory duties at different stages in my PhD, 
whether they expected to or not, and did a great job. Sincerest thanks to you all. 
Thanks also to Stuart McDaniel (Washington University) who provided valuable 
insights on working with the weird and wonderful moss that is Ceratodon purpureus.  
 
I would like to thank Helen Peat (British Antarctic Survey Herbarium), Marc 
Lebouvier, Ryszard Ochyra, Stuart McDaniel, Helena Korpeläinen, Johanna Turnbull, 
and Graham Bell (State Herbarium of South Australia) for providing specimens or 
DNA used in Chapter 4. I would like to acknowledge the support of the French Polar 
Institute (IPEV programme 136) in allowing Marc Lebouvier and Ryszard Ochyra to 
collect specimens. Johanna Turnbull collected Antarctic moss samples used in 
Chapter 6. Thanks to Ron Englund (Bishop Museum, Honolulu) for collecting plant 
material from Lake Waiau and Jane Wasley for collecting Antarctic specimens used 
in Chapter 7. Thanks also to Rod Seppelt for identifying some of the trickier Antarctic 
mosses for me.  
 
 xv 
Quan Hua provided invaluable assistance with preparing samples for 14C measurement 
and assistance in analysis of the resulting data. Many other members of the ANSTO 
Institute for Environmental Research also assisted with 14C sample preparation. Thanks 
to members of the Plant Ecophysiology Lab and the Ecological Genetics Lab at the 
University of Wollongong for assistance with various aspects of my lab work, as well 
as other members of the School of Biological Sciences (and occasionally the 
Department of Chemistry) who helped out along the way. Special thanks to Kym 
Ottewell for her seemingly infinite patience with my constant stream of questions, she 
deserves an award. Mark Wilson and Andrew Netherwood provided instruction and 
assistance with operating the confocal microscope. Helena Korpeläinen showed 
amazing generosity in letting me work on the microsatellite isolation in her lab at the 
University of Helsinki over two months in 2005, and many members of her lab group, 
especially Hanna Karttunen and Kirsi Kostamo, for showing me the ropes. Thanks 
also to Melanie-Rose Clarke for providing a roof over my head during my stay in 
Finland!  
 
Thanks to Michael Milgroom for providing the Divers11.c program used to analyse 
data in Chapters 4 and 5. Some of the data used in Chapter 6 was obtained from the 
Australian Antarctic Data Centre (IDN Node AMD/AU), a part of the Australian 
Antarctic Division (Commonwealth of Australia). The data is described in the 
metadata record “Daily broad-band ultra-violet radiation observations using 
biologically effective UVR detectors” Roy, C. and Gies, P. (2001, updated 2006). 
Ken Russell provided guidance with varying amounts of the statistical analysis in 
Chapters 2, 3 and 7. Ellen Ryan-Colton graciously provided her GIS expertise to help 
create Figure 5.1 and several others that didn’t make the final cut but were still very 
useful for getting my head around the data.  
 xvi 
I would like to thank members of the Ecological Genetics Lab and the Plant 
Ecophysiology Lab from 2004 to 2008 for comments on various parts of my thesis in 
various states of disrepair. Simon Clarke and Quan Hua also provided additional 
feedback on Chapters 2 and 3. Mark Stevens and several anonymous reviewers also 
provided helpful comments on Chapters 4, 5 and 6.  
 
None of this would have happened without money, so I would like to acknowledge 
funding from an Australian Postgraduate Award. Funding, logistic support and 
permits for most of this research were provided through Australian Antarctic Science 
grant no. 2542 to Robinson and Ayre. Funding for radiocarbon and δ13C analyses was 
partly provided through AINSE grants AINGRA05142P and AINGRA06155 to 
Robinson and Ayre. Thanks also to David Fink (ANSTO) for helping to secure 
additional funding for radiocarbon and δ13C analyses. The Institute of Conservation 
Biology also provided funding to attend several conferences during my candidature.  
 
Last but not least, thanks to Diane and Jim Clarke (also known as Mum and Dad) for 
making sure I survived to see the end of my PhD.  
 
